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A spacer assembly for creating turbulence in a passing steam / 
water mlxt. within a fuel channel of a BWR. The assembly 
comprises a series of heUcally twisted sheet metal spacers and 
surrounds a fuel rod. 

Each spacer has protruding lattice connectors which are 
joined to matching connectors formed on its neighbour. The 
assembly separates the fuel rods from each other, and from the 
fuel channel, and provides the coolant with a heUcal flow 

USE /ADVANTAGE 
Used for a BWR 


w* - The spacer assembly thermodynamically 

improves steam generation by maintiaining more water in contact 
with the fuel rods , and has a lower pressure drop . 

EMBODIMENT 

The spacer assembly comprises four individual elements 

(E1,E2,E3.E4) which are interconnected and surround a fuel 


K(5-B3, 5-B4B) 


rod (B). Each element is formed of zircaloy or inconel and 
is mfd. from the same stamped part. 

Two oppositely facing elements (E1.E3) are twisted in a clock- 
wise direction and the other two (E2,E4) are twisted counter- 
clockwise. This causes the passing water to be thrown to the 
outside of the heUx and onto the central cod (R), or onto one 
of the surrounding rods. Steam, being Ughter. is confined 
more centraUy. About seven spacer assemblies are used for 
each fuel rod to ensure that the turbulence is maintained along 
the fuU length of the rod. 

Each element has upper and lower long tabs , which are welded 
to matching tabs on its neighbour, and short tabs which 
support surrounding fuel rods. Springs comprising an endless 
loop of metal are formed around the welded tabs and hold the 
central^and surrounding rods in position. (15ppl 76 IRKMHDwg 
Nol/9). 
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0 Swirl vanes integral with spacer grid. 

® A spacer assembly for imparting a swirl to a 
passing steam water mixture within a fuel channel of 
a boiling water reactor is disclosed. The spacer 
assembly is placed at periodic intervals along the 
inside of a square cross sectioned fuel channel so 
as to separate the fuel containing rods from each 
other and the fuel channel sides. Each discrete 
spacer element is constructed of a matrix of helically 
twisted sheet metal spacing elements (E1-E4) for the 
serendipitous purpose of providing separation of the 
steam and water, with water being deposited on the 
fuel rods (R) surfaces. Each helical element is a 
twisted planar metallic member and includes a rota* 
^tion of the metal surfaces in the order of 450* over 
a typical two inches of length. For each 90* interval 
^of rotation from the top and bottom of each helical 
1^ element paired lattice connections are provided for 
attachment to adjoining elements. Intermediate of 
gthe lattice connectors at 45* for confrontation to the 
(Vj spaced apart fuel rods, there are placed rods stops.. 

The resultant spacer thus improves the thermody- 
^namics of steam generation by maintaining water on 
^the fuel rods, imparts swirl to the steam water flow 
between spacers, and provides a lighter and less 
neutron absorbing metallic mass in the reactor. 
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SWIRL VANES INTEGRAL WITH SPACER QRID 


This invention relates to spacers for fuel rods 
contained within square cross-sectioned fuel chan- 
nels utilized in the core of nuclear boiling water 
reactors (BWRs). More particularly, a spatial sepa- 
rator for the fuel rods contained within a channel is 
disclosed which includes the serendipjtou;5 purpose 
of steam water separation for optimuo) steam gen- 
eration. 

SUMMARY OF THf PRIOR ART 

A BWR fuel bundle consists of an array of fuel 
rods enclosed by a typically square- sectioned 
channel. Spacers are located at several axial posi- 
tions In the bundle (typically 6 or 7 locations). The 
spacers are typically one to two inches in axial 
length; the fuel channels are typically 160 inches in 
axial length. The primary functions of the spacers 
are to locate the individual fuel rods in their correct 
positions in the array, to prevent vibration of the 
rods, and to support thd fuel rods when the fuel 
bundle is subject to handling and seismic loadings. 

Subcooled water enters at the bottom of the 
fuel bundle , and is heated by the fuel rods. Part 
way up the bundle the water reaches its boiling 
point and steam formation begins. At the beginning 
of the boiling region there is a thick 1llm of water on 
the fuel rods, with a steam/water mixture in the 
regions between the fuel rods. Moving up the bun- 
dle, the water film thickness decreases. A design 
requirement for BWR fuel bundles is to maintain a 
water film over the full length of the fuel rods. This 
requirement limits the power which can be gen- 
erated in a fuel bundle and is difficult to meet in 
modern high energy output reactors. 

The spacers are unavoidable restrictions to the 
coolant flow (steam/water mixture), so a design 
objective is to minimize the pressure drop intro- 
duced by the spacers. 

The spacers have a beneficial effect on the 
water film. Each spacer causes a disruption of the 
steam/water flow, and deposits some water 
droplets on the fuel rods. 

The objectives of riiinimum pressure drop dic- 
tates a spacer with minimum flow obstruction while 
the objective of maximum water deposition requires 
a more massive structure. Current spacers designs 
are a composite between these objectives. 

it io known to have a fuel bundie withiQ a 
reactor in which rods extending the full length of 
the channel are accompanied by helical elements 
extending the full length of the channel. See paper 
entitled On Fuel Assemblies with Deflectors for 


Steam Water Separation for Boiling Water Reactors 
by Jorgen and Marstraid published by the Library 
of the Danish Atomic Energy Commission Re- 
search Establishment Riso, July 1971. This reactor 

5 effectively substituted the helical elements extend- 
ing the full length of the fuel channel for rod 
elements. Abnormal back pressures in the rising 
steam water mixture were present because of the 
length of the helical elements. Additionally, the 

70 material required to fabricate such elements con- 
stituted an absorber of neutrons degrading reactor 
performance. 

It is known- to utilize egg crate type spacers. 
These spacers can have short vanes on the top of 

75 the egg crates where they brace the rod. This does 
impart turbulence to the passing fluid. The separa- 
tion of steam from water with the classification of 
the water to and towards the rods within the reactor 
is not disclosed or suggested. 

20 

SUMMARY OF THE INVENTION 

25 A spacer assembly for imparting a swirl to a 

. passing stream water mixture within a fuel channel 
of a boiling' water reaptor is disclqsed.^Jhe spacer 
assembly is placed at periodic intervals along the 
iriside of a square cross sectioned fueTchanne< so 

30 as to separate the fuel containing rods from each 
other and the fuel channel sides. Each discrete 
spacer element is constructed of a matrix of 
helically twisted sheet metal spacing elements fpr 
the serendipitous purpose of providing separation 

35 of steam from the water in steam/water mixture, 
and depositing water on the fuel rod surfaces. Each 
helical element is a twisted planar metallic member 
and includes a rotation of the metal surfaces in the 
order of 450* over a typical two inche? of length. 

40 For each 90 * interval of rotation from the top and 
bottom of each helical element, paired lattice con- 
- nections are provided for attachment to adjoining 
elements. Intermediate of the lattice conriectors for 
' confrontation to the spaced apart fuel rods, there 

46 ar^ placed rod^ stops for bearing directly against 
the fuel rods. The lattice connections at intermittent 
locations also form spring supports ior exposing 
one spring to each cell defined by four adjacent 
helical elements. The supported spring biases the 

50 fuel rod to one cell side. Alternately, provision can 
be made for forming the heiicai elements with 
central longitudinally extending slots to form in- 
tegral built-in springs, alternately in adjacent clock- 
wise and counter-clockwise dispositions. When the 
spacer; fare ^i^stalled at spaced apart vertical loca- 
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tions within a fuel channel (for example 7 two-inch 
spacers evenly distributed along a fuel channel in 
the order of 160 inches of length), steam separa- 
tion to the inside of each helical element with water 
separation to the outside of each, helical element 
and onto the steam generating rods occurs. The 
resultant spacer thus improves the thermodynam- 
ics of steam generation by maintaining water on 
the fuel rods, separating the steam from the water 
in the steam/water flow, and providing a lighter and 
less neutron absorbing metallic mass in the reactor 
than prior art spacers. 


Other Objects. Features and Advantages 

The invention of the subject disclosure is an 
improvement over current spacers. It deposits 
more water on the fuel rods and has a lower 
pressure drop. The water deposition is accom- 
plished, by swirl vanes which impart a swirl compo-- 
nent to the coolant flow. The swirl vanes provide a 
major part of the spacer structure, and offer little 
resistance to the coolant flow. The action of the 
swirl vanes can be described. 

A swirl vane is located in each subchannel to 
create a swirl flow, or vortex, in each subchannel. 
The swirl vane consists of a twisted strip with 
projecting arms. The projecting arms are welded to 
the projecting arms of adjacent swirl vanes, to form 
a continuous structure. ; 

The swirl flow creates a centrifugal force acting 
radially outward from the center of the subchannel. 
The heavy water droplets more towards the fuel 
rods because of the centrifugal force. This physical 
principle is used in steam separators and in cen- 
trifuges, but with different geometries. The swirl 
flow persists for s6me distance after, each spacer, 
so that water deposition on the fuel rods continues 
between spacers. 

The swirl vanes consist of twisted strips of 
Zircaloy or Inconel. As the water/steam mixture in 
the subchannel flows through the spacer, the twist- 
ed strip forces it to follow a helical path, imposing a 
rotational component of flow. 

The amount of material used in the disclosed 
swirl vanes spacers is less than that of prior art 
spacers. The cross-sectional area of the swirl vane 
spacer is also jess than that of prior art spacers, 
giving less restriction of the coolant flow through 
the spacer. The swirl flow affects the flow distribu- 
tion between spacers concentrating the steam in 
the central region of each subchannel. The flow 
distribution gives a lower pressure drop between 
spacers than is obtained with prior art spacers. 
There is some pressure drop associated with creat- 
ing the swirl flow but the net effect is to give a 
lower pressure drop through the fuel bundle. - 


Other objects, features, and advantages of this 
invention will become more apparent after referring 
to the following specification and attached drawings 
in which: 


BRIEF DESCRIPTION OF THE DRAWINGS 


70 Fig. 1 is a perspective view of four helical 

elements joined in a cell array about a fuel rod 
shown in phantom with arrow schematics illustrat- 
ing the helical turbulence imparted to an upwardly 
flowing steam water mixture; 
15 Fig. 2 is a perspective, broken away, of a 

fuel channel illustrating one spacer according to 
this invention placed interiorly of a square sec- 
tioned fuel channel; 

Fig. 3A is a plan view of a planar metal 
20 sheet cut to fabricate an individual helical element 
of this invention; 

Fig. 3B is an illustration of a counter clock- 
wise twisted metal element of Fig. 3A. the element 
being twisted over 450* of helical revolution; 
25 Fig. 3C is the element of Fig. 38 rotated 90* 

so that the alternate disposition of the lattice con- 
nectors may be completely understood; 

Fig. 4A is a schematic view looking down 
upon a spacer cell with a fuel rod contained therein 
30 illustrating the spring bias of the rod against stops 
defined by the helical element; 
\ Fig. 48 is a side elevation of the view of Fig. 

4A illustrating placement of the spring; and 
Fig. 4C is a view of the spring; 
35 Fig. 4D is a view of a first alternate embodi- 

ment of the spring; 

Fig. 4E is a view of a second alternate 
embodiment of the spring; 

Fig. 5A is a plan schematic of a spacer 
40 according to that shown in Fig. 2 illustrating place- 
ment of the spring stops and subchannel assem- 
bles; 

Fig. 58 is a plan of a subchannel assembly; 
Fig. 6A is a plan of the outer edge of the 
45 spacer; and 

Fig 68 is a side elevation of the outer end of 
a spacer; 

Fig. 7A .is a side elevation of a slit helical 
element (similar to Fig. 3A), the slit being placed 
50 for the introduction of spring forces Into the individ- 
ual element; 

Fig. 7.8 is a side elevation of the twisted 
element similar to Fig. 38; 

Fig. 7C is a side elevation of the rotated 
55 element similar to Fig. 30; 

Fig. 8A is a plan view of the spacer elements 
of Fig. 7 assembled in a cell array; 
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Fig. 8B is a side elevation view of the spacer 
elements of Fig. 8A; and 

Fig. 9 is an exploded view of a jig capable of 
holding the spacer elements in an array to enable 
the elements to be spot welded or laser welded 
into the assembly shown in Fig. 2. 

Referring to Fig. 1, the serendipity of this in- 
vention can be easily understood. A fuel rod R is 
shown in broken lines. It is surrounded by helical 
spacer el^oients E1, E2. £3. and E4. These fftur 
helical spacer elements E1-E4 form a cell for con- 
fining the rod R. 

At the same time, the spacer elements impart 
swirl to the flassing steam water stream circulating 
upwardly through the fuel channel. 

Helical elements El. E3 are twisted in the 
clockwise direction. Consequently they impart to 
the after water steam flow a clockwise helical path. 

Likewise, elements E2. E4 are twisted counter- 
clockwise. Consequently, they impart to the pass- 
ing water steam flow a counterclockwise helical 
path. 

This vortex has a classifying effect on the 
steam water mixture. Specifically, the water will be 
thrown to the outride of the helix and thus onto rod 
R (or adjacent rods not shown). Steam, being light- 
er, will confine itiself more centrally of the elements 
E1-E4. In such confinement the steam will occupy 
the volume which was interstitial to the rods. 

Rods R can^have heat transfer problems re- 
lated to steam' generation. Specifically, if large 
areas of steam accumulate on the surface of the 
rods, the normal transfer of heat from the water to 
the passing stream does not occur. The rod can 
develop local hot spots. This is especially true to 
and toward the top part of the channel. 

Further, the reader wiil understand that this 
description is a simplification. There have, in fact, 
been identified feedback characteristics to such 
pockets, which seriously interfere with reactor effi- 
ciency. Simply stated, by the intermittent place- 
ment of the spacer element of this invention, these 
diffifculties are lessened. 

Referring to Fig. 2, the placement of a typical 
spacer is illustratedi Channel C is shown having a 
plurality of rods R confined within the channel. The . 
side wall of channel C is broken away at the spacer 
S. The spacer S includes numerous elements E 
joined in a matrix. . 

The reader will understand that the fuel chan- 
nels are on the order of 160 inches in length. The 
individual spacer elements are on the order of two 
inches in length. Typically, seven such spacers are 
dsstnbuted along the length of any indivtciuai fuel 
channel. It will, therefore, be understood that the 
spacers have two functions. 

First, and as to those areas of the rod wherein 


the spacers overlap, they impart the described 

swivel flow. 

Secondly, and as to the volume of water within 
the channel about the rods between the spacers. 

5 overall swirl flow with the disclosed separation of 
steam and water is imparted. 

Referring to Fig. 3A. the construction of an 
individual element E is schematically illustrated. 
First, element E includes a flat strip of metal 1 2 in 

10 a rectangular configuration. Metallic element 12 has 
two types of tabs protruding from its longitudinal 
side edges. The first of these tabs are lattice con- 
nectors 14. 15. Lattice connectors 14 are disposed 
so as to remain exposed in the same pisfne of 

75 every 180' of rotation. They fokp the connection 
of the respective -elements one to another. 

Lattice connecjtors 1 5 are dispo,sed at an angle 
90* with respect to connectors 14. These respec- 
tive lattice connectors form connections to adjacent 

20 elements. 

It will be seen that the lattice connectors 14. 15 
are L-shaped. The base of the L is to and towards 
the side edge of the rectangular strip 12. The 
shank of the L is normal to and directed away from 

25 the side edge of the strip 12. 

A second protruding element includes stops 
16. 17. These respective stcfps bear against the 
surfaces of adjacent tubes. Two paired stops 16 
and 17 are found in the top 180" of rotation of the 

30 elements. Likewise, two stops 16 and 17 are found. 
. . in the bottom 180* . rotation of the elements. This 
disclosed placement of stops will be shown to 
jDrovide eight discrete slops surrounding each fuel 
rod. 

35 Fabrication of the individual elements E can be 

easily understood. Typically the material will be 
stamped from sheet metal. Thereafter, twisting over 
the disclosed 450* of angle can occur. This can 
occur either by exerting tension between the top 

40 and bottom edges and physically tvyisting or by 
. stamping the elertient E in stages to impart twist. 
Referring to Figs. 4A, 4C, it has been found 
possible to place a spring within the matrix of. 
elements E. Referring to Fig. 1, elements El, E2. 

45 E3 and E4 are illustrated. These elements form a 
cell. Matrix connectors 14 and 15 are likewise 
illustrated. These matrix connectors 14 have been 
welded together. 

Referring to Fig. 4C, a spring is illustrated. The 

50 spring typically comprises an endless loop df metal 
. 20. The loop is bent with a notch 22 at the top and 
a notch 24 at the bottom. These notches fit to the 
respective joined matrix connectors 14. The spring 
includes two protuberances 26. Protuberances 26 

55 are capable of contacting a rod on one and Ihe 
other sides of the spring. It can thus be seen that 
one placed spring in accordance with Fig. 4C bi- 
ases rods in two celts. It wilt be seen that the 
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spacer element only requires one spring exposed 
to each cell. Therefor, one spring will usually ac- 
commodate the needs of two adjacent cells. 

Referring to Fig. 4D, an alternate embodiment 
of the spring 20 is disclosed. Specifically endless 
loop by a spot weld on two parallel portions of the 
spring. Preferably, the spring ends are spot welded 
so as to close over tabs 14 or 15 extending be- 
tween adjacent helical elements. 

Referring to Fig. 4E. a second alternate em- 
bodinrient of the spring 20 is disclosed. In this case 
the endless loop of the spring is placed in between 
the tabs 14, 15 as the discrete elements are joined 
in a matrix. It should be apparent from the exam- 
ples shown that constructtdn here illustrated, spring 
20 will admit of numerous modifications. 

Referring to Fig. 4A. it will be noticed that with 
the piresence of the spring 20. some of the stops 
16, 17 are not used. Conceivably, these stops 
could have been removed from the metal strip 12 
before it was twisted to form the helical shape 
herein disclosed. However, this is not preferred as 
the axial symmetry disclosed in Fig. 3A enables 
twisting of the resultant strips to be uniform. 

It will also be realized that those stops utilized 
for clockwise twisting, are the stops that are not 
utilized when the strip is twisted counterclockwise- 
assuming the identical placement of the spring 26 
with respect to the rod. Likewise, for counterclock- 
wise twisting, the stops that are not utilized are 
utilized when the twisting Is clockwise. It will thus, 
be realized that as a practica^matter maintaining 
the symmetry shown enables one stamped part to 
serve with uniformity in all cell locations. 

Referring to Fig. 5A. a schematic diagram is 
illustrated. The diagram shows two rods R, stops 
16 and 17. with .intermediate spring S. The spring 
S biases the rods in each of the discrete cells onto 
adjacent stops. 

It will be noted that with respect to Fig. 5A, that 
truncation of the elements E5 has occurred. This 
truncation has occurred at the side edge. 

Referring to Fig. 6B, the appearance of the' 
spiral elements E is shown in the plan. 

It is, of course, possible to build within the 
spiral elements E a -natural spring mechanism. 
Such a natural spring mechanism is illustrated with 
respect to Figs. 7A. 7B, and 7C. 

Referring to Fig. 7A, a rectangular sheet 32 
defining a longitudinal slit 34 is illustrated. Matrix 
connectors 34 are located at the bottom , and 90* 
of rotation from the top. Matrix connectors 35 are 
located at the top and at 90* rotation from the 
bottom. Appropriate stops 36, 37. and 38 are de- 
fined therebetween. 

Looking to Fig. 78. lattice connectors 34 form a 
connection to the lattice along one plane. Referring 
to Fig. 7C, lattice connectors 35 form a connection 


along an orthogonal plane. 

It can be seen that the center section of the 
element E is resilient. 

Referring to Fig. 8A. elements El'. E2', E3' 
5 and E4 are shown about a rod R. The helical 
elements El -E4' bias at their stops against the 
rod R. This construction is illustrated in plan at Fig. 
SB. 

Referring to Fig. 9. an exploded view of a jig 

10 for fabrication of the matrix elements is illustrated. 
Specifically, elements E are captured at their re- 
spective matrix connectors 14 and 15. They are 
captured so that the matrix connectors are dis- 
posed side-by-side. Such capture occurs with ele- 

;5 ments 14 being trapped by notched bars 44 and 
elements 15 being trapped by notched bars 45. 
Such trapping occurs between bars 47 overlying 
bars 45 and bars 48 bars 44. 

The reader will undersFand that it may be de- 

20 sirable to place the springs in a loop around the 
matrix connectors. In such placement, around the 
matrix connectors, the springs are placed first in 
the jig. Thereafter, the springs are manipulated one 
side or to the other side while the required spot 

25 welds are made. 

It may be desirable to place corner elements K 
to the matrix. Such corner elements K can be spot 
welded and can include a stop on the inside edge 
thereof (shown in broken lines at 50 in Fig. 2). 

30 The reader will understand that variations in the 

length and width of the individual elements making 
up this novel spacer can occur. For example, spac- 
er elements need not be restricted to the preferred 
length set forth herein. For example, spacer ele- 

35 ments need not be restricted to the preferred 
length and width set forth herein. The length and 
width can be adjusted depending on fuel bundle 
design requirements, if low pressure drop through 
the spacer is desired, the width of the elements is 

40 reduced and the length is increased to give a 
weaker swirl component of flow. If maximum sepa- 
ration of steam and water is desired, the maximum 
width is used and the length is reduced. 

The reader will thus understand that there is 

45 shovyn a serendipitous rod spacer device; The re- 
quired rod spacing is maintained, . heat transfer 
from high power reactor fuel rods is improved, and 
pressure loss through the spacer is reduced. 

50 

Claims 

1. A spacer assembly for imparting a swirl to a 
passing steam water mixture within an elongate 
55 polygon sectioned fuel channel having longitudi- 
nally extending fuel rods comprising in combina- 
tion: 

a matrix of helically twisted sheet metal spacing 
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eiements, each said rod having a plurality of said 
helically twisted sheet metal spacing elements sur- 
rounding said rod; 

each element Including protruding lattice connec- 
tors extending between said helical elements to 
form points of connection between said discrete 
spacer elements to enable said spacer element to 
be joined into a matrix of said helical elements 
about each rod; 

means connecting said lattice connectors together 
whdreby said helical elements sp'^ce said rods 6ne 
from another. Space said rods from said fuel chan- 
nel and impart a helical flow and turbulence to a 
passing fluid stream. 

2. The invention of Claim 1 and whdr^in each 
said rod is contained within a cell surrounded by 
four helical elements. 

3. The invention of Claim 1 and wherein at 
least onie of the helical elements of saidi spacer is 
formed clockwise and at least one of the helical 
elements of said spacer is formed counterclock- 
wise. 

4. The invention of Claim 1 and including a 
spring connected to said spacer elements for bias- 
ing a rod in said cell. 

5. The invention of Claim 1 and wherein said 
helical element is centrally slit, said helical element 
having contact with said rod with spring bias at 
said slit. 

. . 6: A fuel channel comprising in cpmbinatipn: 
an elongate channel member defining a' polygon 
hoHpw interior; 

a plurality of rods extending along the hollow inte- 
rior of said channel member; 
a plurality of spacers at preselected vertical inter- 
vals, alohg the hollow interior of said channel, said 
spacers surrounding said rods, keeping said rods 
from contact one with another and spacing said 
rods from said channel insides, said spacer includ- 
ing helical elements disposed in the interstices 
between said rods 

said spacer each having a vertical length less than 
one-tenth, the length of said channel; and 
means for joining said twisted strip elements one to 
another in a matrix about said rods, whereby said 
rods are spaced one from another, said rods are 
spaced from said channel side wall, and the twisted 
strip configuration of said spacer elements imparts 
helical flow path of water flowing upwardly through 
said channel. 

7. The invention of Claim 6 and wherein at 
least one of said helical elements imparts helical 
water flow upwardly and clockwise and wherein 
another of said helical elements imparts helical flow 
to water upwardly and counterclockwise. 

8. A process of constructing a spacef for a 
nuclear reactor comprising the steps of: 
providing a plurality of rectangular strips of metal; 


imparting substantially identical helical "twists to 
said stirips of metal; 

joining said strips with said helical twists in a matrix 
to form individual cells; 

5 placing fuel rods in said cells; and 

placing said rods and spacers within a complemen- 
tary sectioned channel whereby said twisted strip 
elements space the rods one from another, space 
the rods together from the channel side Wall and 

io impart helical swirl flow to water passing upwardly 
and through the interstices between fuef 'rods in 
said channel. 
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